Pathology, a basic science course in medical schools is a highly visual subject that requires examination of tissues using a microscope. With progressive technological advancements, the use of time-tested optical microscopes in teaching is seemingly slowly replaced by virtual microscopy that many medical schools in developed countries proved its numerous advantages. In our setting, digital pathology is not yet fully integrated in medical school. Although a few medical institutions in the country may have started this technology, there are still a lot to explore with virtual microscopy that will unlock its full potential of revolutionizing medical education in the future.
INTRODUCTION
Pathology is the medical discipline that provides a scientific foundation for medical practice. It is a required basic science course in medical school, and is often the first introduction to human disease processes. 1 Compared with other basic sciences, pathology is a visual subject that is based in part on histopathologic examination of tissues which is important to understanding basic mechanisms of disease processes.
The microscope has been the most widely used instrument in pathology education and until now, is still a mainstay in the classrooms and laboratories of pathologists. However, pathology is under a digital revolution enabled by virtual microscopy -the practice of converting glass microscope slides to high-resolution, whole-slide digital images 2 that some recent studies have demonstrated a decrease in the use of traditional microscopes in medical schools, mainly as a result of current developments in the curriculum as well as some disadvantages of the technique itself. 3 Whole slide imaging (WSI), also known as digital pathology or virtual pathology, is a technology that involves high-speed, high-resolution digital acquisition of images representing entire stained tissue sections from glass slides in a format that allows them to be viewed by a pathologist on a computer monitor, where the imageoften referred to as the 'whole slide image' or digitized slide' can be magnified and navigated spatially in much the same way as standard microscopy. 4 In addition, the digital slide images can be viewed across a network, including the Internet, using specialized viewing software 2 -a potential area for accurate and timely diagnosis in actual pathology practice compared with traditional methods.
Significant technological advancements of digitizing slides and the development of workflow tools that facilitate remote viewing and analysis are likewise enabling pathologists to substantially change how they learn and practice their profession. 2 With the emergence of digital pathology over the past several years, there is an opportunity to revolutionize the way teaching and learning are done in medical schools in the country and would create opportunities beyond classroom teaching.
TRENDS IN IMPlEMENTATION
Digital pathology has already been implemented in many medical schools in the United States and other developed countries and has been shown to provide advantages compared with the usual traditional method of teaching histology and pathology courses. 5, 6, 7, 8 A few of developing countries has utilized the digital pathology in the form of telepathology in clinical practice. 9, 10 Telepathology is the electronic multimedia communication across a network of pathology-related information, between 2 or more locations for use -cases between pathologists and/or qualified laboratory personnel, and may include involvement by clinicians and/or patients. 11 Several journals reported the use of digital pathology in the form of telepathology in education, 12 second-opinion consultations, 13, 14 and primary diagnosis. 15, 16, 17 Success in the implementation of virtual microscopy has been documented in graduate education in medical, 18, 19, 20 dental 21 and veterinary schools. 22 In addition, the US Food and Drug Administration approval of whole slide imaging (Philips IntelliSite Pathology Solution) for primary diagnosis in surgical pathology in 2017 marked a significant evolution of digital pathology. 23 If the current trend continues, the implementation of virtual microscopy may eventually make the time-tested microscope a relic in medical education, and possibly in pathology laboratories.
ThE lEARNINg ENvIRONMENT
The general pathology course in medical education includes different elements, each with different learning goals. In our experience, these elements include lectures, virtual microscopy lessons and small group discussions. The virtual microscopy session involves 1 teacher per 12 students wherein selected microscopy specimens are scrutinized and allowing students to interact actively. The small group discussions include case studies wherein theory from lectures are combined with information from textbooks, microscopy and clinical data (clinical correlation). Proper alignment of these study elements would allow microscopy to be seamlessly integrated in all aspects of the course, improving microscopy knowledge and performance of the students. From this pioneering experience, we utilized digital pathology in classroom teaching that favors student-centered, self-directed learning. This new framework based on platforms familiar with twenty-first century students will change how they learn pathology -a transition from seeing actual gross and microscopic specimens to looking at images from Web-based resources.
PRACTICAl BENEfITS OvER CONvENTIONAl MICROSCOPy
There are many advantages to using digital pathology or virtual microscopy than with traditional microscope glass slides (Table 1) . Digital images can be standardized, with the potential for image enhancement, so that all students will study the exact same tissue section. Microscopic sections on glass slides show variability with regards to quality and content 24 which may often be incomplete and not identical leading to discrepancies in testing and scores of students. These variabilities can be substantially eliminated with digital imaging. Compared to glass slides that are prone to fading, breaking and loss over time, the quality of the image can also be indefinitely maintained with digital pathology. 25 In addition, rare cases of glass slides cannot be duplicated and made available for the students.
Another very helpful aspect of virtual microscopy is that digital images of microscopic glass slides on a computer screen have panning and zooming capabilities simulating moving the stage and the low to high power magnification of an optical microscope. 26 The digital image has a thumbnail image from which the students can always refer to when viewing the digital slides at a higher magnification for proper orientation of histologic sections (Figure 1 ). 3 Conventional microscope glass slides cannot be easily annotated with any precision, and rely on crude techniques like pen-marking/"dotting" (Figure 2 ) and utilizing eyepiece with pointer for highlighting a certain area in the field (Figure 3 ). Multiple annotations (arrows, circles, texts, etc.) can be placed exactly where needed in the digital images. Aside from these benefits, the time used for setting up the educational sessions and actual teaching process are much less compared to traditional microscopy, hence giving students more time to learn. The use of the microscopes is often limited to the working hours of the faculty, requiring the students to be physically at school for self review. 19 With digital pathology where whole-slide images are loaded onto a web-based server, study can occur wherever and whenever the student wishes. 25 Finally, storage and maintenance of microscopes and glass slides sets are cumbersome and require significant expenses. 2 Digital images can be easily stored in server memory or computer disks which provides smooth retrieval.
IMPACT ON STUDENT lEARNINg
The possibility of providing students with all the information they need electronically has been an idealized concept for many years. 27 Web-based resources including social media have shown benefits to supplement education in a cost-effective way. This was certainly one of the reasons for the positive attitude of the students toward digital pathology. Several studies have proven that the majority of students believe that the use of digital slides enhanced their ability to learn. 24, 28 Virtual microscopy has not only been reported to improve the student learning process, but it has also been shown to improve their cooperation skills, communication abilities and self-confidence. 29 However, some students still find it important for them to be proficient in using the traditional method of viewing the glass slides. The sense of fulfillment of manually operating the microscope -focusing the image, navigating the slides and changing objectives -cannot be satisfied by digital slides. In our setting, the extent of what digital pathology can offer for student learning has yet to be explored which includes remotely reviewing the digital images anytime, anywhere.
IMPACT ON TEAChINg
The transition from conventional to virtual microscopy presents certain challenges for teachers. The methods of preparing and delivering the lessons changed. Teachers could now prepare lessons at home on a personal computer without requiring access to a microscope.
In addition, there will no longer be any time-consuming, hands-on microscope work during lessons which could create more time for reviewing specimens with the students. 27 Digital pathology has enabled each teacher or course director to customize a collection of scanned slide specimens to suit particular needs. Teachers regarded this flexibility as a positive aspect of virtual microscopy. 27 
ChAllENgES IN IMPlEMENTATION
Implementing digital microscopy in medical education may not pose crucial challenges as in diagnostic practice. Unlike in medical education, digital microscopy in the actual practice of pathology requires several important considerations, of which quality slides that are cut and stained properly are a crucial step.
Aside from these, barcode labelling of slides for accurate identification of data entry into database, slide scanning, integration of the scanned data and image-viewing applications into the laboratory and hospital's information system and the technological infrastructure enabling image transfers must be taken into account. 26 Digital slides used in teaching are customized according to the topic of discussion. These may not necessarily come from the original scanned glass slides from the Histopathology Section, but may be retrieved from image-viewing applications or pre-loaded digital images by the system provider. Establishing a digital microscopy laboratory is initially an expensive project, but may eventually become economical than traditional microscopy which relates to additional costs in the storage and maintenance of microscopes and glass slides sets. Dee et al., calculated the cost of a microscope laboratory for 50 students to be about $100,000 per year, which approaches the complete start-up costs for virtual microscopy, including purchase of a virtual slide scanner. 30 In low resource areas such as in our setting, the challenges are more apparent. Access to the Internet on academic networks is often slow and expensive. Aside from the cost, other barriers include the limited student access to computer workstations especially after class hours, technical aspects such as unreliable electrical power and adverse weather events which could disrupt telecommunications. 31 Teacher-student interaction is also a concern. It would seem like virtual microscopy would decrease the dynamic interaction between teachers and students. However, in truth, this technology enabled the students to learn pathology in a more interactive and stimulating manner.
OPPORTUNITIES fOR DIgITAl PAThOlOgy IN EDUCATION
Although the classroom offers a high utility environment for digital pathology in medical education, many other education-related areas also benefit from the use of digital pathology, including decision support, digital slide conferences, proficiency testing and quality assurance. 2 The possibility of creating a repository of digital slides by pathologists over time can be helpful in decision support. 2 The accessibility of digital pathology makes it easier to present in seminars, symposia and conferences. Of these scientific presentations, clinicopathologic conference, tumor boards and morbidity/mortality/autopsy audits are among the most commonly encountered meetings by a medical student. Digital slide conferences conducted via the Internet allow multiple participants to view the digital slides simultaneously, and in real-time. 2 Digital pathology can be utilized in training and education in the form of proficiency testing in other fields of anatomic pathology. It has been shown that proficiency testing in gynecologic cytopathology ("virtual Pap tests") is feasible. 32 Similar with proficiency testing, the cost and difficulty of glass slides logistics in quality assurance (QA) practices is one of the drawbacks of traditional microscopy. With digital pathology, it is simple to make digital slides accessible to other facilities and organizations for QA programs. 2 Finally, digital pathology can be utilized in other learning courses such as microbiology, hematology, histology, cytology and clinical microscopy (urine and body fluids) and integrated in online platforms showing educational videos and slide navigation of particular topics in medicine.
CONClUSION
Digital pathology is a powerful educational tool that could effectively replace the traditional standard methods of teaching and learning pathology. It provides mobility and convenience to medical students and teachers alike. While majority of the medical schools in the country still consider microscopes and glass slides inevitable in pathology education, we believe that in the coming years, digital pathology will be eventually integrated not only in pathology and histology curricula, but also in other courses requiring microscopy. It will potentially revolutionize medical education and create several opportunities beyond classroom teaching.
STATEMENT Of AUThORShIP
All authors certified fulfillment of ICMJE authorship criteria.
